If we wish to integrate modern science such as nanotechnology into the school science curriculum, we need to find the natural insertion point of modern science with the science, technology, engineering and math curriculum. However, integrating nanoscale science and technology (NST) essential concepts into the middle school science curriculum is challenging. The current study was designed to identify the insertion points of the eight NST essential concepts in the middle school science and technology curriculum. Middle school science and technology teachers underwent a course that included all eight NST essential concepts, aiming to help them understand the NST essential concepts in depth. Then, they were asked to identify a natural insertion point in the existing science and technology curriculum for each of the NST essential concepts. To support research validation, two different groups of teachers participated in two sequential stages of the study (the identification stage and the validation stage). The teachers in the identification stage identified the insertion points of all eight NST essential concepts in the subjects of the science and technology curriculum, which reflects the relevance of the NST concepts from the teachers' perspective in terms of pedagogical level. The majority of the identified insertion points were validated in the second stage. Forty-two insertion points of the NST essential concepts were suggested to be integrated in middle school science and technology curriculum. All the insertion points that were suggested in the identification stage were confirmed in the validation stage. Another 11 new insertion points were added at the validation stage. The connections to the different scientific subjects in the curriculum are as follows: 19 insertion points were suggested by the teachers in the chemistry part of the chemistry curriculum, 12 in the life science, four in the physics-energy, and seven in technology-systems and products. The results present the opportunity to expose middle school students to contemporary science using the existing science and technology curriculum. The study serves as an example of integrating NST concepts into a middle school science curriculum in Israel, but it can be applied in other science curricula worldwide, taking into consideration the topics included in each curriculum.
Theoretical framework
Dewey's pragmatic philosophy, the Pragmatism [1] , which relates to his methods of teaching, was based on the notion that direct experience is the basis of any relevant knowledge or information of individuals. Accordingly, learning takes place in concrete and meaningful situations, through spontaneous activities of children. Dewey's methods of teaching were based on the principles of learning by doing activities in connection with the life of a child and those that related to the child's experience in the future. Such experiences raise the child's curiosity and give him/her a purpose to carry out school activities. This participation mounds the student's views and perceptions about the world [1] . In addition, Dewey [2] stressed that education should introduce students to new scientific and technological developments in order to prepare them for the future. Exposing students to nanotechnology applications shows them how modern science works and how helpful it is for finding solutions to everyday life problems that could not be resolved in other ways [3] . A review of the literature shows that different programs have been developed in order to introduce nanoscale science and technology (NST) into middle school science programs. Several of these programs will be described next, along with their educational influence.
NST [4] is now recognized as a megatrend in science and engineering [5] . Since 2000, more discoveries and applications have come from nanotechnology than from any other field of science, and it is still a very important field, as reflected from a recent review [6] . Nanotechnology is used to design, construct, and utilize functional structures with at least one characteristic dimension measured in nanometers. Such functional structures can be designed to exhibit novel and significantly improved physical, chemical, and biological properties; phenomena; and processes because of the limited size of their constituent particles or molecules. Nanotechnology applications have penetrated all aspects of society, affecting everyday human life and needs in addition to their great contribution to the prosperity of the worldwide economy. To meet the needs of this emerging field, the next generation of leaders, skilled workers, scientists, and researchers in nanoscience need to be prepared to ensure continuing future progress in the field [3, 5, 7] . According to Laherto [8] , all citizens will soon need to achieve a certain level of nanoliteracy in order to navigate the science-based issues related to their everyday lives as well as the societal aspects and to intelligently question and understand the ethical and societal implications of these revolutionary technologies [9] . Roco [7] stated that education is a key challenge for nanotechnology and that it must be given a priority in order to meet these needs. He described the importance of education for the future development of the nanotechnology field stresses that education serve as a bottleneck for the development of the field.
From an educational perspective, Dewey [2] mentioned that education should introduce students to new scientific and technological developments in order to prepare them for the future. Exposing students to nanotechnology applications shows them how modern science works and how helpful it is for finding solutions to everyday life problems that could not be resolved in other ways [3] . A review of the literature shows that different programs were developed in order to introduce NST into the middle school science program. Several of these programs will be described next, along with their educational influence.
Programs in nanotechnology for middle school science
Great effort has been made all around the world to integrate nanoeducation into school science. Many studies and projects have been conducted worldwide to develop NST educational programs. A number of approaches for incorporating nanoeducation at the secondary school level have already been designed and implemented internationally. Jones et al. [10] developed a program for introducing nanoscale science to middle and high school students. The program provided activities relating to several aspects of nanotechnology, such as size and scale, tools and techniques, the uniqueness of nanomaterial properties and behaviors, nanotechnology applications, and societal implications while maintaining a broad inquiry approach. Harmer and Columba [11] conducted a study aimed at exploring the factors that contributed to middle school students' engagement learning during a problem-based inquiry. The problem-based inquiry introduced nanoscale science to the students and discussed the nanotechnology-based solutions offered. The researchers [11] assessed students' knowledge and their extent of engagement in the activity by using quantitative and qualitative tools. They found that students' knowledge of nanoparticle size measurement, applications, and the use of electrons in a scanning electron microscope had increased. The project increased students' understanding of basic concepts in nanotechnology, increased their understanding of core science concepts, and supported inquiry-based learning. Another curricular unit, "NanoLeap," designed for middle school students, was developed and implemented in secondary schools [12] . This unit was designed to include transitional concepts that link core science concepts, as found in the National Science Education Standards, and those that are defined in the Big Ideas in Nanoscience [13] . In a different study, a nanotechnology module was developed [14] for ninth grade students in the context of teaching chemistry. Two basic concepts in nanotechnology were chosen: (1) size and scale and (2) the surface area to volume ratio (SA/V). In this module, a wide spectrum of instructional methods (e.g. gamebased learning, learning with multimedia, learning with models, project-based learning, storytelling, and narratives) was implemented to support students' understanding. Students' interviews and the content of their final projects were analyzed to learn how using a variety of teaching methods influenced their understanding of these two basic concepts in nanotechnology. In addition, the study examined which methods supported the development of students' understanding and which did not, according to students' perceptions. Students felt that most of the teaching methods facilitated their learning. Based on the study's results, recommendations were formulated regarding methods that should be used for teaching nanotechnology in the future.
A 12-h instructional unit was designed to deepen students' understanding of the concept "size and scale," which is poorly understood by secondary students [15] . The students who participated in this program were middle school summer science students from a low socioeconomic status public school district in the United States. The unit included instructional activities, the use of microscopes, computer simulations, and scale models. Interviews were conducted before and after the intervention, indicating that the students significantly increased their knowledge of various objects' sizes, particularly objects at the nanoscale size.
The challenge
Despite these successful programs, the idea of integrating nanoscience into a school science curriculum often faces many difficulties. First, the science curriculum is already overloaded [16] with content whose consequences are too often aggregations of isolated facts detached from their scientific origin [17] . Second, adding new concepts raises the question regarding how these new concepts can be integrated into the current curriculum [18] . We therefore conducted the current study, which was designed to deal with the challenges described above and focused on integrating NST concepts into the existing middle school science curriculum in Israel.
In a previous study [4, 19] , eight essential NST concepts and five recommended nanotechnology applications that should be taught in school science were identified. The study was based on a three-round Delphi study methodology that was applied, based on two communities of experts: nanotechnology researchers and science teachers. Each of the NST essential concepts was accompanied by its explanation, definition, an explanation of why it is important to be taught, followed by the connection between the NST concepts that are needed for teaching the selected applications. The eight NST essential concepts are as follows: (1) size-dependent properties, (2) innovations and applications of nanotechnology, (3) size and scale, (4) characterization methods, (5) functionality, (6) classification of nanomaterials, (7) fabrication approaches of nanomaterials, and (8) the making of nanotechnology. The five NST-suggested applications are (1) nanomedicine, (2) nanoelectronics, (3) photovoltaic cells, (4) nanobots, and (5) self-cleaning. A detailed explanation of the importance of each concept will be represented in the results section of the current study and more in-depth explanations are provided in Sakhnini and Blonder [4, 19] .
Research goal and research question
The significance of the current research is to bring the science of tomorrow into current school science curriculum, making science classes more relevant to students by engaging them to the frontier of science [20] .
The goal of the current research is to determine the insertion points of the essential NST concepts in the existing middle school science and technology curriculum in Israel. The results of the research will provide a representative example of inserting NST essential concepts into other middle school science and technology curricula worldwide. Therefore, the research will support implementing the NST essential concepts into middle school science and technology not only in Israel. Therefore, we suggested the following research question: "What are the insertion points for the essential NST concepts in the existing middle school science curriculum in Israel?"
The study
The current study used the science and technology curriculum implemented in Israel for middle school students (grades 7-9). In Israel, NST is not part of the general science or technology curriculum; however, it was shown [21] that NST has a good potential to serve as a bridge between the basic sciences, and we wish to apply this characteristic in the interdisciplinary curriculum of science and technology in the Israeli middle schools. The Israeli middle school science curriculum is spiral and consists of four main scientific domains: chemistry, life sciences (biology), physics-energy, and technology (technological systems and applications or products). Each of these main scientific areas contains several subsubjects. Next, the structure of the middle school science and technology curriculum in Israel will be discussed for the international readers.
In the chemistry part of the curriculum, the subsubjects that are taught include the following: (1) the structure of matter (the particle model), atomic structure, elements, and characteristics, organizing the periodic table, compounds and mixtures, and the chemists' language; (2) objects, materials, and their properties and uses; (3) physical and chemical changes in materials and the principle of mass conservation; and (4) the effect of substance use on individuals, society, and the environment. The second part of the curriculum, life sciences (biology), contains the following subsubjects: (1) the cell, (2) ecological systems, and (3) systems and processes in living organisms. The physics-energy part of the curriculum includes the following subsubjects: (1) types of energy, energy conversion, and the law of energy conservation; (3) energy resources, energy production and its uses; (4) forces and motion; and (5) the effects of energy use on individuals, society, and the environment. The last part of the curriculum relates to technology (technological systems and applications or products). The technology part includes the following subsubjects: (1) the design process as a way to solve technological problems, (2) the essence of technology and the relationship between technology and science, (3) characterization of a technological system, and (4) the impact of technology on society and the environment.
In order to identify places in the science and technology curriculum in which the NST essential concepts could be naturally integrated, we designed a methodology that is teacher centered [20] . Compiling the teachers' suggestions allowed us to suggest a coherent teaching narrative that describes the sequence of integrating the NST concepts during the 3 years of middle school science and why teachers think it is appropriate to integrate a specific concept into the curricular subjects and topics.
Methodology
The methodology used to answer the research question consisted of two stages: (1) identification (Section 4.1) and (2) validation (Section 4.2). Each of the two stages included two steps: (a) a personal input of the teachers and (b) focus group interviews. Focus group interview methodology is particularly suitable for obtaining several perspectives about the same topic [22] . Focus group research involves an organized discussion with a selected group of individuals to gain information about their views and experiences regarding a topic, as well as insights into experts' shared understanding of the topic. The recommended number of participants is usually four to eight. Focus group interviews, however, rely on the interactions and dynamics within the group in relation to topics that are provided by the researcher. To use the focus group interview as a forum for change, the moderator (the researcher) must allow the participants to talk to each other, ask questions, and express doubts and opinions [23] by applying the focus group methodology, we hope to raise a hidden insertion point of the NST essential concepts in the science and technology curricula that were not suggested in the personal stage of the data collection and to provide the participants the opportunity to explain their ideas.
The identification stage
At this stage of the research, the participants underwent a course that included the NST essential concepts [24] . After learning each of the NST concepts, the participants (middle school teachers) were asked to individually find (and write) insertion points for the essential NST concepts in the curriculum and explain why they think the concept should be integrated into the suggested insertion points. After writing down their individual suggestions for the insertion points for each NST essential concept, a discussion was held during their next meeting. In the discussion, teachers could clarify their ideas of integrating the essential concepts into the curriculum and could share their ideas with the research team and their colleagues. This discussion was followed by the researchers' categorization and classification of the teachers' suggested insertion points for each concept and their related explanations, according to the curricular topics.
The validation stage
The validation process began 1 year later. Other teachers (middle school science and technology teachers) underwent a new online nanotechnology course, in a Moodle learning environment, in the form of short videos [25] . The course had a structure identical to the course given to the teachers at the identification stage and included video lessons in nanotechnology and reading assignments. Teachers were required to perform the same assignment as the teachers in the identification stage. Namely, after learning each of the concepts, the teachers were asked to suggest insertion points for the NST concepts in the middle school science, technology, engineerings and math (STEM) curriculum and to share them on a collective Padlet board. The purpose of the Padlet board was to create a virtual focus group -a virtual environment in which the teachers share their ideas and see the ideas of their colleagues. In the validation stage, the researchers looked for insertion points that were already identified in the previous stage (for validation). However, when new insertion points were suggested, they were added to the pool to enlarge the possible places in the curriculum in which each NST essential concept could be integrated.
Participants

The identification stage
The participants were experienced (5-15 years of experience) middle school STEM teachers (n = 4) who underwent a newly designed course, tailored for teachers, which included the NST essential concepts. The course was given in the framework of a MSc program for teachers [26] . The teachers who participated in the course did not have previous formal knowledge in nanotechnology. The course included 58 h devoted to the scientific contents and 28 h conducted as a workshop that dealt with the connection of the scientific contents to the educational field. The course was conducted during one academic semester. The teachers' assignments in the second part of the course (connection to education) were collected, as described in the methodology, and served as the data for this part of the study. The teachers gave their signed written consent to participate in the research, and their names were coded to protect their privacy during the data analysis process.
The validation stage
Five middle school teachers (n = 5) participated in the online nanotechnology course that included the NST essential concepts for the validation process.
The participants in this stage of the research were experienced middle school science and technology teachers with 5-15 years of teaching experience. They participated in an online course for science and technology teachers, "Introduction to Materials and Nanotechnology," that was based on video lessons and that was given by the same lecturer [25] . The online course included the eight NST essential concepts. The course length was 30 h and it was conducted for one semester. The science and technology teachers participated in the course for credits that influence their professional level and salary. While registering to the course, they signed a consent form regarding participation in the research and their names were coded to protect their privacy during the data analysis process.
Results
The teachers suggested insertions points for all eight NST concepts in the middle school science and technology curriculum, including all four scientific domains for grades 7-9. They identified the insertion points of all the NST essential concepts in the chemistry subjects of the curriculum. In the life sciences domain, insertion points Table 1 : Number of suggested insertion points of the NST concepts in the Israeli middle school science and the technology curriculum according to the four domains of the curriculum.
NST essential concepts
Curriculum subjects
Chemistry
Life sciences Physics-energy Technology: systems and products The essence of technology and the relation between technology and science
• Self-Assembly (fabrication approaches of nanomaterials)
• Size & Scale
• Characterization method-AFM + Resolution
• Applications and Innovations of Nanotechnology (nature's mimics, benefits & risks of nanotechnology)
• The making of nanotechnology (development of nanotechnology, team work, multidisciplinary science and technology)
• Functionality**
The cell
• Applications and Innovations of Nanotechnology (nature's mimics)
• size dependent properties were found for most of the NST essential concepts except "classification of nanomaterials concepts." However, they suggested integrating the concepts "innovations and applications of nanotechnology," "size and scale," "characterization methods," and "the making of nanotechnology" into the technology subject of the curriculum and three concepts into the physics parts of the curriculum: "innovations and applications of nanotechnology," "fabrication approaches of nanomaterial (self-assembly)," and "the making of nanotechnology." Table 1 and Figure 1 present a summary of the resulting insertion points of the NST essential concepts in the Israeli middle school science curriculum, which was suggested by the teachers according to the four curricular domains (chemistry, life sciences, physics-energy, and technology).
The results of the insertion points for the eight NST essential concepts will each be presented in separate tables (Tables 2-8 ). Each table includes the suggested insertion points of a concept in the different curricular subjects for grades 7-9, as well as quotations and explanations given by the teachers, explaining the suitability of the integration. For each of the NST concepts, the definitions, which were obtained from previous studies [4, 19] , will be presented. In order to demonstrate how the NST essential concepts can be integrated in the teaching sequence of middle school STEM, a detailed narrative of one NST concept in the existing STEM curriculum will be presented. This narrative is based on teachers' suggestions, which describe how one of the NST essential concepts (e.g. size and scale) can be integrated in the STEM curriculum during the 3 years of middle school.
Size-dependent properties
The essential concept "size-dependent properties" was defined as the properties of materials that change Table 2 : Suggested insertion points of the essential concept "size-dependent properties" into different topics of the middle school science and technology curriculum with samples of teachers' quotations explaining the insertion points.
Curriculum subjects Teacher's explanation (teacher code, school grades in which the curricular topic is taught)
Chemistry: integrating the subconcept (SA/V)
The structure of matter (the particle model) "One can bring several everyday-life examples that relate to the concept, its meaning, and applications. For example, you can connect hanging laundry and the water evaporation rate a , heating by using ultra-thin heating plate radiators in contrast to one thick heating plate radiator, and can explain the differences between cooking in a deep pan in contrast to a wide pan" (teacher 1, grade 7)
Objects, materials, their properties and uses "We teach that materials are characterized according to their properties and that this is the first place to introduce the students that these properties are also size dependent" (teacher 1, grade 7) "When we teach about thermal conductivity, it is important to mention that a bigger surface area increases the heat transfer of that area" (teacher 2,
Physical and chemical changes in materials and the principle of mass conservation "Students learn that the melting and boiling points of a substance characterizes that substance. However, when it comes to nanometer sizes, melting points become suddenly size-dependent and change for the same substance because of the change in the surface-area-to-volume ratio (SA/V). Next, the students are exposed to the notion that in the nano dimension the physical properties of a substance are size dependent" (teacher 1, grade 9)
Life sciences: integrating the subconcept (SA/V) Systems and processes in living organisms "In this topic, we teach about the circulatory, respiratory, and the digestive systems and the important role of (SA/V) ratio in these systems. The roles of the latter two systems (circulatory, respiratory) are to provide nutrients and oxygen to the body. When the SA/V is higher in these systems, the absorption capacity of these systems in relation to the circulatory system increases and this is reflected in their structure" (teacher 3, grade 7)
"We teach about the balance of heat in a living creature, the factors affecting this balance, and the physiological ways that help the living creature maintain its body heat constant" (teacher 1, grade 8) When teaching "the digestive system to stress its importance in food absorption and the transfer process for the blood system" (teacher 3, grade 9)
The cell "To teach about the relationship between the surface area of a blood cell and its ability to absorb oxygen, the higher the surface area of the blood cell, the higher its oxygen absorption will be" (teacher 3, grade 9)
Ecological systems "The ability of the plant to absorb light depends on its leaf's surface-area-to-volume ratio and the leaves' arrangement along the stalk" (teacher 1,
Integrating the subconcept (defects) in Ecological systems "One can introduce defects as a development or teach that a defect leads to an undesirable mutation. Then we can teach the students that biodiversity occurs because of defects in the organism's development. For example, we can explain to ninth grade students that DNA might create defects in the inherited genes and cause several illnesses such as Down syndrome" (teacher 2, grade 9)
Physics-energy
No insertion points were suggested Technology: systems and products
No insertion points were suggested a Concepts that are part of the middle school chemistry curriculum in Israel but could be considered as part of the physics curriculum in other countries. Table 3 : Suggested insertion points of the essential concept "innovations and applications of nanotechnology" into different topics of the middle school science and technology curriculum with samples of teachers' quotations explaining the insertion points.
Curriculum subjects Teacher's explanation (teacher code, school grades in which the curricular topic is taught)
Chemistry: integrating the subconcept "current and future applications in nanotechnology"
The structure of mattercompounds and mixtures a "We teach that composite materials are manmade and that their combination makes their properties much different in contrast to each of the material's properties separately, for example, fiberglass or reinforced concrete. Here we can introduce nanocomposite polymers" (teacher 4, grade 8)
Objects, materials, their properties and uses "When we teach about the physical, chemical, and mechanical properties as the basis for choosing a material suitable for a certain product, we can give examples of creative applications of nanomaterials that are based on their unique properties. That, from my experience, can attract the students' attention and increase their motivation towards studying science" (teacher 1, grade 7)
The effect of substance use on individuals, society, and the environment "In this topic, we teach about how the preparations, processing, and the uses of certain materials may critically influence the environment and humans' quality of life. When dealing with the benefits and risks of such materials, we can teach about the possible nanotechnology applications that afford solutions to reduce the environmental damage caused by using specific materials" (teacher 1, grades 7-9) "We can teach nanotechnology through creative applications, and I think we can focus on this level regarding the scientific research, its importance, and need for its products as part of what we teach regarding the influence of substances in the curriculum" (teacher 4, grade 9)
Life sciences: integrating the subconcepts "current and future applications in nanotechnology," "mimicking nature," and "risks and benefits of nanotechnology" Systems and processes in living organisms "In the topic 'systems and processes in living organisms,' we teach about breeding, human involvement in breeding processes, and its influence on individuals, society, and the environment. We can relate to ethical issues, 'benefits and risks of nanotechnology applications,' before we teach about changes in DNA, cell cloning, use of genetic information for various purposes, discuss the ethical and environmental issues resulting from intervention in hereditary processes such as genetically modified foods" (teacher 1, grade 8) "Transitions of nutrients among different creatures involves energy transfer and energy conversion. We teach about cellular respiration as an energy supply process along with photosynthesis. I think here we can teach nanotechnology applications that the scientists developed (such as the new hybrid energy transfer system), which mimics the processes responsible for photosynthesis, for example. From photosynthesis to respiration, the process of light absorption and its transfer into energy represent elementary and essential reactions that occur in any biological living system" (teacher 4, grade 9)
The cell "Throughout the grades 7-9, we teach about structure and function in living creatures, body systems, and their processes. We can connect this topic to the second subconcept 'mimicking nature,' to present the life sciences world as a world from which we can learn and utilize its processes to produce our applications. For example, we can mimic the lotus plant's self-cleaning effect to produce nanotechnology applications for paintings, textile, and others" (teacher 2, grades 7-9)
Ecological systems a "We can teach about antibacterial nanoparticles in hospital bed sheets and the effect of washing machine water that flows into the sea and we can discuss the effects of these materials on the ecological system and different organisms in that environment" (teacher 5, grades 7-9) Physics-energy: integrating the subconcepts "current and future applications in nanotechnology" and "risks and benefits of nanotechnology" Types of energy, energy conversion, and the law of energy conservation "When teaching about energy, we relate to types of energy, energy conversion, energy resources, energy production and its uses, and how these uses influence human lives, society, and the environment. Here we can rely on innovative nanotechnology applications for generating electricity and producing energy (e.g. photovoltaic solar cells that are based on nanomaterials) and we can discuss with the students the ethical issues related to these uses. We can also discuss the benefits and risks of such nanotechnology application uses regarding human life, society, and the environment" (teacher 1, grades 7-9)
Technology: systems and products: integrating the subconcepts "current and future applications in nanotechnology" and "benefits and risks of nanotechnology"
The essence of technology and the relation between technology and science "When teaching about the uniqueness of humans and their ability to develop various means aimed at increasing their abilities and improving their quality of life, we can teach about current and future applications in nanotechnology. In addition, we can show the students the nanotechnology research and the development of the field" (teacher 4, grade 7) Table 4 : Suggested insertion points of the essential concept "size and scale" into different topics of the middle school science and technology curriculum with samples of teachers' quotations explaining the insertion points. Curriculum subjects Teacher's explanation (teacher code, school grades in which the curricular topic is taught)
Chemistry
The structure of matter (the particle model) "It is appropriate to teach this concept to help students distinguish between the different particle sizes they are learning about" (teacher 1, grades 7 + 8) "At this level of the learning phase, the students start to relate to the atom's size. Therefore, it's worthwhile and natural to relate to other orders of magnitude and talk about the nanometer size, which is less known" (teacher 4, grades 7 + 8)
"To show what the differences are between the sizes of different things that we are learning about: cells, organelles, macro-molecules, amino acids, single sugars…and atoms" (teacher 3, grades 7 + 8)
Objects, materials, their properties and uses "We can teach about units of measurement, size, and scale. It is important to demonstrate the concept 'size and scale' and its connection with units of measurements" (teacher 1, grade 7)
Life sciences The cell "We can integrate this concept while comparing the cell size with an atom, molecule, DNA molecule and the organism's size. Then students will understand the cell's size in relation to other things they learn about and things they are familiar with from everyday life experience" (teacher 1, grades 9) Insertion point that was added at the validation stage.
Table 3 (continued) Curriculum subjects Teacher's explanation (teacher code, school grades in which the curricular topic is taught)
The impact of technology on society and the environment "When teaching about the involvement of humans in the environment and their influence on the ecological systems, we can relate to this subconcept 'current and future applications in nanotechnology'" (teacher 1, grades 7-9) "When teaching about how technology influences society and the environment, we also consider the negative influences of this technology on human's lifestyle and their quality of life. However, we can use technology to reduce these negative influences. Here we can relate to the subconcept 'benefits and risks of nanotechnology'" (teacher 1, grades 7-9) a Insertion points that were added at the validation stage. Table 5 : Suggested insertion points of the essential concept "Characterization methods" into different topics of the middle school science and technology curriculum with samples of teachers' quotations explaining the insertion points.
Curriculum subjects Teacher's explanation (teacher code, school grades in which the curricular topic is taught)
Chemistry: integrating the subconcept "AFM and the resolution"
The structure of matter (the particle model) "When teaching about the historical development of the model of the atom, we can emphasize the tools that give people the opportunity to see nano-metric sizes and even to see atoms the AFM" (teacher 4, grade 7) "It is important to teach students the significance of nanotechnology devices for humans when proving scientific theories" (teacher 2, grade 7)
Life sciences: integrating the subconcept "AFM and the resolution" The cell "When we teach about how the microscope influenced understanding the cell, we can impress the students with the AFM microscope and explain about its ability to provide accurate information. This accuracy that is called resolution might influence the development of scientific research" (teacher 1, grade 7) "As theoretical background before watching cells using a microscope, it is appropriate to relate to the microscope's resolution. This will lead to a better understanding of the images observed by the microscope. In addition, discussing the term resolution will help students distinguish between images retrieved from microscopes and simulations: those that are brought to the classroom as pictures in comparison to those viewed in the lab" (teacher 3, grade 8) "We teach a chapter about the light microscope. Therefore, we can teach about the development of microscopes in general and emphasize differences in the resolution of the light microscope in contrast to the AFM microscope. In addition, it is important to expose the students to the significance of nanotechnology microscopes" (teacher 2, grade 9)
Physics-energy
No insertion points were suggested Technology-systems and products: integrating the subconcept "AFM and the resolution"
The essence of technology and the relation between technology and science "We can utilize the topic of resolution and the AFM microscope as a technological system engaged in solving problems. The problem was the limited resolution of the light microscope but the AFM microscope solved this problem by using a different approach for imaging the surface" (teacher 1, grades 7-8) "The familiarity with AFM exposes the students to technological developments that allow them to view clear images and demonstrate the learned material. This is an example of how technology promotes science research" (teacher 3, grade 7-8) Table 6 : Suggested insertion points of the essential concept "functionality" into different topics of the middle school science and technology curriculum with samples of teachers' quotations explaining the insertion points.
Curriculum subjects Teacher's explanation (teacher code, school grades in which the curricular topic is taught)
Chemistry Objects, materials, their properties and uses "When we start teaching chemistry, I think it's appropriate to relate to this concept and its importance as a property of a substance or part of it, which gives the material a specific activity or bonding ability. We can take a certain material and give it a new property by adding a functional group -this is the power of chemistry!" (teacher 1, grade 7)
The effect of substance use on individuals, society, and the environment a "We teach about the industrial production of carbon compounds and their influence on different areas of life (e.g. medicine, food, plastic materials, fuels, detergents, and fertilizer) and include the different carbon nano-particles. I think we can relate to this concept at this learning level, because the students already understand what is bonding and the meaning of binding ability" (teacher 4, grade 9)
Life sciences Systems and processes in living organisms a "When we teach about the circulatory system in the human body (the lungs, for example, provide us with vital oxygen while also removing carbon dioxide before it reaches hazardous levels). This adaptation of the lungs' structure and its function in exchanging gases can emphasize the importance of the concept that a structure leads to a certain function in different organs and systems, and this is connected to functionality" (teacher 1, grade 9)
The cell a "We teach about the correlation between the cell structure and its function. We can teach the concept when we teach about DNA as a genetic material, its structure, and mutations in its structure that lead to a new function. The ability DNA to be arranged as a single or double strand is related to its functionality to keep the genetic information regarding proteins coding" (teacher 1, grade 9)
Physics-energy
No insertion points were suggested a Insertion point that was added at the validation stage. Table 7 : Suggested insertion points of the essential concept "classification of nanomaterials" into different topics of the middle school science and technology curriculum with samples of teachers' quotations explaining the insertion points.
Curriculum subjects Teacher's explanation (teacher code, school grades in which the curricular topic is taught)
Chemistry: integrating the subconcept "categorizing nanomaterials according to their chemical composition"
The structure of matter (elements, and characteristics, organizing the periodic table) "We teach about the periodic table, elements, and their characteristics. We relate to conductors and semiconductors. Therefore, I think we can consider teaching nanomaterials' electrical conductivity, as example for modern materials that have different conductivity properties" (teacher 4, grade 8)
Mixtures and compounds a "Students learn about the uniqueness of the carbon element, its compounds and allotropes but they learn very little and it is hardly mentioned in the curriculum. I think it's the right place to teach about carbon nanoparticles and its unique characteristics and properties" (teacher 4, grade 9) "In the topic mixtures, homogeneous, and heterogeneous mixtures and emulsions should be taught. We can teach about nanomaterial mixtures and give examples such as nanoparticles of carbon that can be added to polymers. Here, we can teach that there are nanoparticles that are composed of different materials: inorganic nanoparticles and carbon nanoparticles. They both have high strength properties like a diamond does, which is also made of carbon" (teacher 1, grade 9)
Integrating the subconcept "categorizing nanomaterials according to their electrical conductivity"
Objects, materials, their properties and uses "When we teach about electrical conductivity b of materials as a method to sort them, we can also introduce that nanomaterials can be classified according to their electrical conductivity" (teacher 1, grade 7)
The effect of substance use on individuals, society, and the environment a "When we teach about electrical energy, we teach about electrical conductivity b , which requires explanations about conductors and isolators. We classify materials according to their electrical conductivity. Therefore, when we teach these concepts, we can teach about electrical conductivity dramatically as a function of the material's size. This concept has four subconcepts: the SA/V, quantum properties, optical properties, and defects. 1 Teachers suggested where to integrate this concept in the chemistry and biology sections of the curriculum but could not find insertion point on the physics and the technology parts of the curriculum, as shown in Table 2 .
Innovations and applications of nanotechnology
The essential concept "innovations and applications of nanotechnology" was defined as the potential applications and innovations of nanotechnology that include the following four subconcepts: "current and future applications" (innovative implementations of nanoscience and nanomaterials into current and future technologies and products for everyday use); "mimicking nature," which is based on single molecules or collections of them for many tasks, such as energy harvesting and transfer, motion, cleaning surfaces, and replication; "risks and benefits of nanotechnology" with regard to our health and environment and its socio-scientific issues; and "tailoring nanomaterials to the application," which refers to constructing complicated systems to meet the needs of a certain application. As presented in Figure 1 and Table 3 , the teachers suggested different places in the curriculum in which the concept can be integrated. It is interesting to note that teachers were able to find insertion points for this concept in all the four parts of the curriculum. The variety of NST applications supports teachers to find different nano-applications that are connected to the different basic sciences: chemistry, physics, and biology. The connection of application to the technology part of the curriculum is natural.
Size and scale
The essential concept "size and scale" has two components that are defined as follows: Size is the extent or amount of an object. Scale is a comparison of the size of an object to a reference object. The teachers suggested different places in the curriculum (Table 4) in which the concept can be integrated. Table 8 : Suggested insertion points of the essential concept "Fabrication approaches of nanomaterials, self-assembly" into different topics of the middle school science and technology curriculum with samples of teachers' quotations explaining the insertion points. Curriculum subjects Teacher's explanation (teacher code, school grades in which the curricular topic is taught)
Chemistry
The structure of matter a "When we teach about crystals, we can ask students to use Lego blocks arranged as a cube and other small ones and ask the students to build a new shape or structure. Then we ask them to examine the stages in the activity and to figure out if they can obtain the same results by using a different order. In this way, we can actively expose them to the bottom-up and top-down approaches" (teacher 3, grade 8)
Objects, materials, their properties and uses "We can integrate all the sub-concepts (bottom-up, top-down, and self-assembly). It is the appropriate place to show the students that we can have different possibilities how to produce nanomaterials. The method chosen for producing the material will help us control the required properties of the material according to the product's needs and uses" (teacher 1, grade 7)
Life sciences Systems and processes in living organisms "The cell topic is taught from grades 7 to 9. At grades 7 and 8, students become familiar with the cell structure, the cell membrane. In grade 9, they expand their knowledge by learning about the cell's building material (lipids, proteins, and carbohydrates). We can relate to self-assembly when teaching about the cell membrane, which is composed of lipids organized as a self-assembly structure" (teacher 1, grades 7-9)
The cell Physics-energy No insertion points were suggested
Technology-systems and products No insertion points were suggested a Insertion point that was added at the validation stage.
1 A more detailed description of the concepts and their importance is presented in Sakhnini and Blonder [1] .
Characterization methods
The essential concept "characterization methods" was defined as "Tools for observing, imaging, studying, and manipulating the nanomaterial's size, along with techniques for characterizing nanomaterials." This concept has three subconcepts: scanning probe microscopy (SPM) and mostly scanning tunneling microscopy (STM) and atomic force microscopy (AFM); electron microscopy (EM), which includes transmission electron microscopy (TEM) and scanning electron microscopy (SEM); and resolution. For the curriculum insertion points, we focused only on AFM and the resolution subconcepts. Table 5 presents the teachers' suggestions regarding different places in the curriculum where the concept can be integrated.
Functionality
The essential concept "functionality" was defined as a property that is provided for a material or for a specific area in it. This property endows the material with a specific activity or endows it with bonding ability. "Functionality" transforms nanoscience into nanotechnology. Teachers suggested different places in the curriculum (Table 6) where the concept can be integrated.
Classification of nanomaterials
The essential concept "classification of nanomaterials" was defined as the categorization of nanomaterials according to the following four subconcept characteristics: (1) "categorizing nanomaterials according to their chemical composition (for example, carbon nanocompounds, inorganic nano particles, and organic nanocompounds)," (2) "categorizing nanomaterials according to their electrical conductivity" (semiconductors, conductors, and insulators), (3) "categorizing nanomaterials according to their source" (natural nanomaterials, organic molecules, and synthetic nanomaterials), and (4) "dimensionality" the number of dimensions by which a nano-structure expands beyond 100 nm (0D, 1D, 2D, and 3D). As presented in Table 1 , the teachers suggested three different places in the curriculum where the concept can be integrated for grades 7-9. Table 7 presents the suggested insertion points in the middle school curriculum. However, teachers found an insertion point only in the chemistry parts of the curriculum, and no insertion points for the concept were suggested in the life science, physicsenergy, or technology parts of the curriculum.
Fabrication approaches of nanomaterials, self-assembly
The essential concept "fabrication approaches of nanomaterials" was defined as the wide variety of options that can be used for fabricating nanomaterials. This concept has two subconcepts: (1) "top down vs. bottom up approaches for fabricating nanomaterials" and (2) "self-assembly approach for fabricating nanomaterials." Teachers were asked to suggest insertion points for the subconcept selfassembly only. Their suggestions are presented in Table 8 .
The making of nanotechnology
The essential concept "the making of nanotechnology" was defined as uncovering the mystery of nanotechnology or, in other words, how nanoscience research is performed and how innovations are transformed into applications. This concept has three subconcepts: "multidisciplinary science and technology," "teamwork," and "the development of nanotechnology." This concept differs from the rest of the NST concepts since it does represent a certain content but includes the nature of nanotechnology research and development [27] . For the teachers, it was easier to find an insertion point compared to the other NST essential concepts and they found insertion points for each of the concept to all the four parts of the curriculum, as presented in Table 9 .
To sum up this section, 42 insertion points of the NST essential concepts were suggested to be integrated in middle school science and technology curriculum. The 42 insertion points are spread in the four different scientific domains of the STEM curriculum in Israel: 19 insertion points are in the chemistry part of the chemistry curriculum, 12 in the life science, four in the physics-energy, and seven in the technology-systems and products.
A detailed narrative of one NST concept in the middle school science and technology curriculum
In order to demonstrate how the results presented in Sections 5.1-5.8 can be used by science teachers for the integration of the NST essential concepts in their teaching sequence, we present a narrative that is based on teachers' suggestions for the NST concept size and scale, based on Table 4 . The students will first encounter the concept in grade 7 in the chemistry part of the curriculum when they Table 9 : Suggested insertion points of the essential concept "the making of nanotechnology" into different topics of the middle school science and technology curriculum with samples of teachers' quotations explaining the insertion points.
Curriculum subjects Teacher's explanation (teacher code, school grades in which the curricular topic is taught)
Chemistry: integrating the subconcepts "the development of nanotechnology and teamwork"
The structure of matter (physical and chemical changes in materials and the principle of mass conservation) "This topic deals with the changes that occur to matter in its bulk size and consider the related macro technology applications. We can expose the students to nanotechnology and its new application, which is associated with a different size of matter. This will expose students to the logical and resulting developmental thinking of research-based applications" (teacher 2, grades 7-9)
The chemists' language a "We teach the chemists' language. It is important to stress the importance of studying those language symbols that connect researchers from different countries and different fields, which is of great importance for communication between the researchers" (teacher 3, grades 8 and 9)
Objects, materials, their properties and uses "In this chapter, we relate to the material as a whole. I think it is important to already have students become aware of the nanotechnology concept, especially the subconcept 'the development of nanotechnology.' By dealing with the historical development of nanotechnology, students can understand that after the development of nanotechnology, new properties of materials were discovered that differ from their bulk sizes. That would expose them to science and technology developmental history and its influence on humanity and help them understand how scientific research is done" (teacher 2, grade 7)
Physical and chemical changes in materials and the principle of mass conservation "This topic deals with the changes that occur to matter in its bulk size and consider the related macro technology applications. We can expose the students to nanotechnology and its new application, which is associated with a different size of matter. This will expose students to the logical and resulting developmental thinking of research-based applications" (teacher 2, grade 7-9)
"It is important to teach the second subconcept, teamwork. It is also important to show the students that research development is an interoperable action, requiring teamwork among researchers from different fields who contribute and inspire each other. Research requires collaboration from researchers from different countries and communities" (teacher 3, grades 7-9)
The effect of substance use on individuals, society, and the environment "We can emphasize at this learning level the need for research and its related products and applications for humans and the effects they have on their quality of life" (teacher 4, grades 7-9)
Life sciences: integrating the subconcepts "multidisciplinary science and technology" and "teamwork" Systems and processes in living organisms "When teaching about human intervention in heredity and breeding processes and its influence on humans' quality of life and their environment, we can integrate the subconcepts 'multidisciplinary science and technology,' 'teamwork' into our lessons" (teacher 4, grades 8 and 9)
The cell "One of the cell chapter goals is to make the students understand the relationship and connection between scientific research and technology. Therefore, we can teach about the relationship between nanotechnology, science development, and scientific research" (teacher 1, grades 7-9) Physics-energy: integrating the subconcepts "the development of nanotechnology," "teamwork," and "multidisciplinary science and technology"
The effects of energy use on individuals, society and the environment a "When we teach the energy topic in physics, we can present solar energy and even create nano-solar cells in the lab, using the ITO nanoparticles" (teacher 3, grade 8) study about the use and properties of materials. In this chapter, the students learn that an object is characterized by the material it is made of and its shape, mass, and size. We can teach about units of measurement, size, and scale. The size and scale concept is well connected to measurements and to units of measurements. Here, it will be natural to first mention the nano-scale, and the nano-size. The second place in which students can meet the concept is when they learn about the particle model of matter, atomic structure, and the type of particles in grades 7-8. "It is appropriate to teach this concept to help students distinguish between the different particle sizes they are learning about." Teacher 4 suggested that "At this level of the learning phase, the students start to relate to the atom's size. Therefore, it's worthwhile to relate to scale orders of magnitude and talk about the nanometer size, which is less known." Teacher 3 suggested inserting the concept in attempt to explain abstract information and demonstrate how small atoms are: "To show what the differences are between the sizes of different things that we are learning about: cells, organelles, giant molecules, amino acids, single sugars … and atoms."
In the biology part of the curriculum, teachers suggested inserting the concept for grades 7-9 in the cell chapter. They explained that "We can integrate this concept by comparing the cell size with an atom, molecule, DNA molecule and the organism's size. Then students will understand the cell's size in relation to other things they learn about and things they are familiar with from everyday life experience." Then, the students can meet again the concept in grade 8 when technology, systems, and products are taught, in relation to how technology influences society and the environment. As one of the teachers explained: "When we teach about developing technological systems and the minimization processes, we can teach the 'size and scale' concept."
Based on the results that are presented in this section, a unique narrative can be written for each of the NST essential concept. These narratives can support teachers when they wish to include nanotechnology in the science and technology teaching, and by that modernize the contents their students learn.
Discussion
It is important to note that NST is not part of the science curriculum in Israel. Nevertheless, the middle school teachers suggested insertion points of all eight NST essential concepts in the existing middle school science subjects.
Curriculum subjects Teacher's explanation (teacher code, school grades in which the curricular topic is taught)
Technology-systems and products: integrating full concept "the making of nanotechnology" Impact of technology on society and the environment "We can teach this concept, and each time choose the nanotechnology research that is connected to the content of the topics taught. We can teach about nanotechnology systems and connect them to the 'multidisciplinary nature of nanotechnology,' 'teamwork,' and 'the development of nanotechnology.'
This will help emphasize the idea that technological systems are composed of several components (e.g. input, processing, output, monitoring, and feedback) characterized and made by humans, who work and collaborate with scientists from different disciplines to achieve their goals. The making of the nanotechnology concept is a good example of emphasizing this idea" (teacher 1, grades 7-9)
"It is appropriate to teach this concept to emphasize that research development is based on collaboration between researchers from different fields. This will make the student implement the learning process as a mutual process that allows discourse, encourages collaboration, dialogue, and listening skills" (teacher 3, grades 7-9)
The design process as a way to solve technological problems The Israeli science curriculum for grades 7-9 is spiral and consists of four main subjects: chemistry, life sciences (biology), physics-energy, and technology. Each of these main scientific areas contains several subsubjects. Combining the teachers' suggestions allowed us to create a coherent teaching narrative that describes the sequence of integrating these concepts during the 3 years of middle school science and why they think it is appropriate to integrate a specific concept into the curricular subjects and topics. The teachers who teach middle school science and technology teach the interdisciplinary sciences and technology curriculum, which encourages them to link chemistry, life sciences, physics, and technology subjects [21, 28] . Therefore, those teachers were able to examine different subjects in the curriculum. This emphasizes the importance of nanotechnology's interdisciplinary nature as a suitable platform for teaching science in middle schools. It combines all the scientific subjects and could provide an authentic context for teaching science.
It is interesting to note that the teachers in the study were able to suggest insertion points for all the NST concepts in the chemistry parts of the curriculum, whereas the rest of the curriculum subjects were more challenging for them (Table 1, Figure 1 ). Our explanation is related to the fact that the curriculum's physics subject mainly deals with energy topics, types of energy, energy conversion, and the law of energy conservation for grades 7-9 and forces and interactions for grade 8. Therefore, the teachers referred to the concepts "current and future applications of nanotechnology" and "self-assembly" when they mentioned the nanotechnology solar cell applications, which are based on self-assembly structure, whereas forces and interactions were not perceived by the teachers as connected to any of the NST concepts. In addition, the domain of the expertise of the teachers who participated in the study (as well as most of the science and technology middle school teachers in Israel) is biology. Therefore, although they teach an interdisciplinary science and technology curriculum they might lack a deeper content knowledge (CK) of physics, which hinders their ability to find an insertion point for the NST essential concepts in the physics part of the curriculum. We suggest that more research should be done to identify the insertion point of the NST essential concepts in the physics parts of the middle school science and technology curriculum by consulting experts in physics.
To integrate nanoscience into middle and high school classrooms effectively, it must first be embraced by the science teachers. Teachers must feel confident in their understanding of the content areas that they are teaching their students [29] . Nanoscience provides a challenge for science teachers. Most of the science teachers belong to the generation who were not exposed to the nanoscience field in their college or university courses [12, 18] . In addition, high school teachers have difficulties in updating their knowledge on advanced topics such as nanoscience and will naturally face difficulties in teaching content with which they are not familiar [30] . Therefore, effective teacher professional development (PD) programs for integrating nanoscience into the curriculum are vital. These programs need to address teachers' CK, pedagogical CK (PCK) [31] , as well as their attitudes and beliefs [32] . Huffman et al. [33] claimed that bridging the gap between existing knowledge of school science teachers and the knowledge and pedagogy required to teach nanotechnology should be the heart of PD programs created for teachers.
The teachers' ability to integrate the NST concepts into the different curricular topics reflects the relevance of the NST concepts from the teachers' perspective. It was also challenging for them and it required creative thinking so that they could perfectly integrate the NST concepts into the existing curriculum [34] . The teachers stressed the importance of integrating NST concepts into the science curriculum in terms of pedagogical level. They described its great potential in attracting and engaging students in chemistry learning, increasing their motivation, and exposing them to contemporary science. The study findings provide additional support for the influence of nanotechnology in motivating students to learn science [18, 35, [36] [37] [38] [39] [40] .
The two preparatory courses that the teachers underwent [25] [26] [27] provided support for developing teachers' CK of the NST essential concepts and helped them integrate these concepts into the curricular topics. In order to suggest the insertion points, teachers used their knowledge about the curriculum, which is part of their PCK [31, 41, 42] . The teachers suggested insertion points in a manner that reflects their deep understanding of the curriculum combined with their NST CK. According to Bryan et al. [43] , teachers need to be given the time and resources to develop the needed knowledge to effectively integrate and implement NST instruction into existing science curricula. One of the challenges teachers might face in the integration process is the need to keep the scientific materials up-to-date especially considering that nanotechnology is a field having a continual and rapid development. It is important that educators and teachers will become lifelong learners and keep learning about new and exciting materials of cutting-edge science and innovations of nanotechnology, so that they can update their CK and continue to be nanoliterate [30] .
Implications and recommendations
By determining the insertion points of the NST essential concepts in the middle school science curriculum in Israel, we believe that our research results could be applicable to other subjects in the science education field. To support this theory, we provided a detailed description of the curricular topics and detailed explanations of the insertion points. Therefore, the study could serve as an example of integrating NST concepts into a middle school science curriculum in general and might be applied and modified for other science and technology curricula worldwide, taking into consideration the topics included in each curriculum. The research also serves as an example of different cutting-edge scientific fields that could be integrated into the schools' science curriculum. It provides a comprehensive research-based process that can be implemented for integrating other new scientific fields (e.g. brain research, biomedical science studies) into the school science curricula. First, there is a need to map the essential concepts of the desired field by choosing suitable participants and achieving a consensus among them regarding the concepts [4, 13, 44] . Then, there is a need to integrate the identified concepts into the school science curriculum. The next stage would be the development of instructional methods that best promote and serve students' understanding of these concepts in the existing science curriculum. This process could be done for the science curriculum of different countries and even different ages [45] .
Limitations
The first limitation of the current research is that most of the teachers who participated in the study are teachers whose domain of expertise is chemistry or biology. These teachers participated in the PD program for Israeli chemistry teachers, aiming at introducing them to NST [24] . For maintaining the interdisciplinary nature of nanotechnology, it is recommended to expand the results of the study and conduct an additional study including teachers with more diverse scientific backgrounds, more specifically, teachers whose expertise is physics. The second limitation is related to the nanotechnology field itself. It is a rapidly and continuously newly developing field, as well as its applications and related essential scientific concepts. The current study provides a snapshot of the current situation in the field. We believe that the Delphi results could be different if the study would have been conducted today.
